Abstract-Ejector is an important component of pneumatic conveying system and has important influence on the performance of pneumatic conveying system. For the design of the ejector, the system back pressure is generally calculated according to the layout of the pipeline, thus the ejector structure is pushed. On the basis of the comprehensive analysis of current injector theory and design method, the authors put forward a reverse design method of ejector. According to the actual system requirements, the design of the main structure of the injector was calculated by optimizing the structural design method. A 3d modeling tool was used to model the injector, FLUENT software, Euler model and discrete model were used to simulate the internal flow. Considering the influence of different structural parameters on the air transport injector, the static pressure cloud diagram and velocity cloud diagram of solid particles were obtained. The study indicates that the injector designed by the reverse design can meet the requirements of the pneumatic conveying system, and it can promote the application of the ejector in engineering.
INTRODUCTION
Pneumatic conveying system has been widely used in mineral, power, grain, casting, building materials and other fields because of its more advantages such as safety, simple structure, easy to realize automation, less environmental pollution, and so on [1] . In two-phase flow, because of the complexity of flow, there is no good analytical method to solve some difficult problem, which usually depends on the combination of experiment and theory [2] . In a long period of development, the suspension type of thin phase transport becomes the main method of pneumatic conveying, s ubsequent, the wear and tear of the pipe is serious, and the energy consumption is higher [3] .
As an important part of pneumatic conveying system, gas-solid ejector has attracted more and more attention. The key is how to improve the performance of air-solid ejector. There are many scholars abroad who have done a lot of research on it, such as Weber, Westaway, Bohnet, etc [4] . Flugel designed the first recognized ejector based on mass equation, momentum equation and energy equation [5] . After the analysis of the momentum conservation and the free flow of turbulent flow, Sokurov improved the design theory of the ejector [6] .
II. DESIGN METHOD OF EJECTOR
Although the ejector has the advantages of simple structure, low pollution and convenient maintenance, however, due to the complexity of internal flow, there is no perfect theoretical calculation method to solve some difficult problem. The design methods of ejectors are mainly based on empirical formulas, experimental coefficients and thermodynamic and hydrodynamic design methods. At present, its design methods generally fall into three categories: empirical coefficient method, classical thermodynamics method and gas dynamic function method .
The main indicators affecting the performance of the injector include below.
The ejection coefficient [6] :
Where, is mass flow rate of driving fluid, kg/s; and is mass flow rate of working fluid, kg/s.
Compression ratio:
Where, is pressure on the ejector outlet, Pa; is initial pressure of the mixed fluid, Pa.
Work fluid expansion ratio:
Where, is pressure of working fluid before nozzle, Pa.
Ejector efficiency:
Where, is unit capacity of mixed fluid; is unit capacity of driving fluid; is unit capacity of working fluid.
Parameters affecting the performance of air-solid ejector include: (1) the influence of the larynx distance of the ejector [7] . ( 2) The influence of system back pressure on ejector. (3) The effect of the contraction angle of the ejector [8] .
For design of the ejector, in general, the system back pressure is calculated according to the layout of the pipeline, thus the ejector structure is designed by the back pressure. In this paper, the authors put forward a reverse design method. The outlet pressure value can be calculated by the structure of the ejector. So the ejector should be calculated according to the conveying material, its features and delivery requirements, etc. The work also include the type selection of fan, the nozzle design and calculation, then mixing tube design calculation, etc.
III. CALCULATION OF THE EJECTOR
The diameter of the known material conveying pipe is 50mm, the speed of material delivery is 20m/s, the material gas ratio is 1, the pressure at the entrance of the fan is 0, the temperature of fan inlet is 20°C , and at 20°C , air tightness is , and .
IV. MODEL SELECTION OF ROOTS BLOWER
The volume flow of the working fluid (5) Mass flow of working fluid (6) According to the parameters of rotz fan, WHR65 was selected, and its inlet flow is 2.36m 3 /min, pressure rise is 29.4kPa.
Discharge pressure of fan (7) V.
NOZZLE DESIGN
The isentropic relations of air at the nozzle entrance is as below (8) According to Eq. 5, the density of air at the nozzle entrance can be obtained as 1.44kg/m 3 .
A. The Outlet Diameter of Nozzle
The outlet diameter of the nozzle can be determined by Eq. 6.
After data generation, we can get the outlet diameter of the nozzle as 15.4mm.
B. Cone Angle and Inlet Diameter of Nozzle
To determine cone angle as 10° and inlet diameter as 30mm.
VI. NUMERICAL SIMULATION OF T HE EJECTOR
The geometric model of the ejector was established in solid works, then the inner cavity of the solid region was drawn out in the Fluid Flow (Fluent) of ANSYS, the mesh was divided by mesh, and named the import and export boundary, the solution process was completed in FLUENT, as shown in Figure I . 
VII. THE BOUNDARY CONDITIONS

A. Pressure Inlet
The pressure change after the nozzle exit is not great, so the gas phase was calculated according to incompressible flow, and inlet pressure is 29.4kPa.
B. Velocity Inlet
The particle diameter is 0.05mm, the inlet velocity is 0.08m/s, the delivery capacity of material is 0.0422kg/s.
C. Wall
Standard no-slip wall.
D. Pressure Outlet
Considering of the back pressure, the pressure outlet is 6.232kPa.
VIII. CHOICE OF SOLVER
According to [9] , this paper adopted double-fluid model, implicit pressure algorithm, equation, second order and first order windward equation, and the particle density as 1000kg/m 3 .
IX. THE SIMULATION RESULTS
A. Static Pressure Analysis
Static pressure in standard operating conditions is shown in Figure II . From Figure II , you can see that the pressure remains unchanged in the straight pipe of the nozzle. The pressure of the working fluid drops when it flows through contraction section of the nozzle. The pressure of the working fluid at the nozzle outlet is equal to one atmospheric pressure. At this time, the pressure of the receiving chamber is basically consistent with the inlet pressure of the solid particles. Under the action of gravity, solid particles can fall into the receiving chamber, and be carried forward under the high speed airflow. The static pressure increases because of the jet action of the gas and the exchange of energy with the solid particles. In mixing chamber, because the pipe diameter is unchanged, the static pressure value is almost constant. With the change of the diameter of the diffuser pipe, the kinetic energy is converted to static pressure and static pressure increases. The velocity cloud graph of solid particles is shown in Figure  III . From Figure III , you can see that the solid particles are faster below the axis of the jet zone due to the impact of solid particles and airflow and the weight of solid particles themselves. In the receiving chamber, the velocity of the solid particles in the rear area of the nozzle is close to zero, which indicates that the solid particles are deposited here. In mixing chamber, the velocity distribution of solid particles is relatively uniform, which indicates that the mixing of solid particles and gases tends to balance. 
